Bacillus stearothermophilus F1; nutritional factors by M. Basri & A. B. Salleh
Annals of Microbiology, 53, 199-210 (2003)
Thermostable alkaline protease from
Bacillus stearothermophilus F1; nutritional factors 
affecting protease production
R.N.Z.R.A. RAHMAN*, M. BASRI, A.B. SALLEH
Enzyme Microbial Technology Research, Faculty of Science and Environmental 
Studies, Universiti Putra Malaysia, 43400 UPM, Serdang, Selangor, Malaysia
Abstract - The production of thermostable extracellular protease by Bacillus stearother-
mophilus F1 was influenced by the composition of culture medium. Peptone iv derived
from soybean was the best organic compound for enzyme production. Sodium nitrate,
ammonium salts and amino acids as sole nitrogen sources interfered with protease forma-
tion. The addition of most carbon sources to the peptone medium failed to improve the
enzyme production. However, protease production was enhanced in the presence of meli-
biose and trehalose in sodium nitrate medium. Although the protease production was cal-
cium independent, the presence of the metal ion at 4.5 mM enhanced the yield by two
folds.
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INTRODUCTION
Bacterial extracellular proteases have been the subject of vast literature report and
have considerable value as a source of industrial enzymes (Priet, 1977). Proteases
represent one of the three largest groups of industrial enzymes and account for
about 60% of the total worldwide sale of enzymes (Rao et al., 1998). The ability to
synthesize serine and/or metallo proteases seems to be wide spread among bacteria
of the genus Bacillus. Nutritional factors are known to affect the production of
microbial enzymes. Therefore, considerable changes in fermentation media have to
be made to increase the protease yield. Generally, extracellular protease biosynthe-
sis requires both catabolic depression and substrate induction. Soybean meal (2%)
proved to be a good nitrogen source for protease production by Bacillus strain YA-
B (Tsai et al., 1988). Recently, a combination of soybean meal (1.5%) and casein
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2002). Earlier, Fujiwara and Yamamoto (1987) found that a combination of soy-
bean meal (3%) and bonito extract (1.5%) was an excellent nitrogen sources for
their alkalophilic Bacillus sp. While, Takii et al., (1990), discovered that yeast
extract (0.3%) and sodium nitrate (1%) induced the formation of protease by Bacil-
lus alcalophilus subsp. halodurans KP1239. Athermophilic and alkaliphilic Bacil-
lus sp. JB-99 was producing high protease in chemically defined medium utilizing
NaNO3 (1%) or KNO3 (1%) as nitrogen sources (Johnvesy and Naik, 2001). The
presence of some carbon sources such as glucose was reported to be essential for
enzyme production in some microorganisms (Macfarlane and Macfarlane 1992;
Homma et al., 1993) but was inhibitory to others (Long et al., 1981; Klimov et al.,
1988; Joo et al., 2001; Johnvesly et al., 2002). Most proteolytic bacteria showed
variation in their requirement for both nitrogen and carbon sources for growth as
well as enzyme formation.
Bacillus strearothermophilus F1 was isolated from decomposed oil palm bran-
ches. A thermostable serine protease was isolated from B. stearothermophilus F1
and characterized (Rahman et al., 1994). The present paper describes the nutritio-
nal factors affecting the protease production by Bacillus stearothermophilus F1.
Different combinations of carbon sources, organic and inorganic compounds,
amino acids and metals were investigated.
MATERIALS AND METHODS
Microorganism. Athermophilic proteolytic bacteria, Bacillus stearothermophilus
F1, selected from a comprehensive screening programme, was used in this study
(Rahman et al., 1994).
Culture conditions. A 50 ml of culture medium in a 500 ml flask was inoculated
with 1 ml seed culture in tripticase soy broth (TSB) (Difco, Sparks, USA) and
incubated at 60￿ C with shaking at 100 rpm (Hotech horizontal shaker, Taiwan) for
24 h. The medium (BSM) consisted of a basal salts solution containing (g/l):
CaCl2 ·2H 2O, 0.5; K2HPO4, 0.2; MgSO4 ·7H 2O, 0.5; KCl, 0.2 and NaCl, 0.1.
The nitrogen sources were divided into three groups, which referred to an orga-
nic nitrogen sources, inorganic nitrogen sources and amino acids. The followings
organic nitrogen sources were added to BSM at 1% (w/v): peptone iv (Sigma, St.
Louis, USA), soytone (Difco), corn steep liquor (Difco), beef extract (Difco),
tryptone (Difco), yeast extract (BBL, Franklin Lakes, USA), peptone 1 (peptone
from meat, Sigma), polypeptone (BBL), peptone (Microbiologie, La Courneuve,
France), casein (Sigma), urea (BDH, Poole, England), casamino acids (Difco) and
gelatine (Merck, Darmstadt, Germany).
The inorganic nitrogen sources (1%, w/v) used were sodium nitrate, ammo-
nium sulphate and ammonium nitrate. For the effect of amino acids, 1% (w/v) of
the following; leucine (Sigma), cysteine (Sigma), arginine (Sigma), glycine
(Sigma), asparagine (BDH), and aspartic acid (Sigma) were added to the BSM.
When inorganic nitrogen source and amino acid were used as sole source of nitro-
gen, glycerol (0.5%) was added to the BSM. Supplementation of protein medium
(peptone iv medium) with inorganic nitrogen source was carried out by the addi-
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peptone iv).
For the effect of carbon sources, the following were added to the peptone iv
medium at 0.5% (w/v); mannitol, glucose, sucrose, sorbitol, glycerol, starch, malt-
ose, raffinose, galactose, ethanol, mannose, melibiose and trehalose. For the effect
of carbon source in inorganic nitrogen medium, sodium nitrate (1%, w/v) was used
as the sole source of nitrogen. All carbon sources were separately sterilized by
membrane filtration (0.25 ￿m membrane filter).
The effect of calcium (chloride form) on protease production was determined
by using calcium free medium (peptone iv medium without CaCl2·2H2O) or pro-
tein iv medium containing various concentration of calcium. When the effects of
other metals were being considered, calcium in protein iv medium was replaced by
other metals at specified concentration (4.5mM). Initial pH of the medium was
adjusted to pH 10.0.
Determination of bacterial growth. Bacterial growth was monitored by measur-
ing the OD (optical density) at 679 nm.
Assay for proteolytic activity. After the appropriate incubation period, each B.
stearothermophilus F1 culture was centrifuged at 15,000 ￿ g for 20 min at 4 ￿C.
The clear supernatant was assayed for proteolytic activity as previously described
(Rahman et al., 1994). One unit (U) of enzyme activity was defined as the amount
of activity that produces a change of absorbance (0.001 per min) at 450 nm at
70 °C under the standard assay conditions.
Each experiment was done in triplicates and standard deviation was determi-
ned from Microsoft Excel program.
RESULTS
Effect of nitrogen sources
Almost all of the organic compounds tested supported good growth. However,
enzyme production was detected only with peptone iv, soytone, corn steep liquor,
casein, gelatine and beef extract. Maximum protease production was obtained
when peptone iv from soybean was used as the sole nitrogen and carbon sources
(Table 1).
The effect of peptone iv on protease production by B. stearothermophilus F1
was concentration dependent as shown in Fig. 1. Peptone at 1% gave the best yield.
Increasing the concentration of peptone iv reduced the protease production sugge-
sting that, the excess protein resulted in the accumulation of nitrogenous cataboli-
tes such as amino acids and ammonia, which in turn reduced the protease synthesis.
Growth and protease production by B. stearothermophilus F1 were also detected in
a non-protein medium such as sodium nitrate (Table 1). However, employing inor-
ganic compounds as sole nitrogen source significantly affected the growth as well
as protease production. Protease production in sodium nitrate medium (sodium
nitrate + BSM + Glycerol) was only about 11% of that with peptone iv, while
ammonium compound completely inhibited the production. The presence of
ammonium had been reported to interfere and significantly reduce protease pro-
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TABLE 1 – Effect of nitrogen sources on protease production
Nitrogen Source (1%) Protease Activity (U/ml) Growth (OD 679)
Peptone iv 9520 – 115 0.70 – 0.01
Soytone 6560 – 17 0.68 – 0.03
Corn steep liqour 1022 – 13 0.60 – 0.05
Gelatine 860 – 40 0.55 – 0.01
Casein 730 – 62 0.48 – 0.04
Beef extract 690 – 40 0.58 – 0.02
Peptone I 0 0.56 – 0.07
Polypeptone 0 0.60 – 0.01
Tryptone 0 0.58 – 0.03
Yeast extract 0 0.50 – 0.01
Urea 50 – 10 0.20 – 0.07
Casimino acid 0 0.10 – 0.01
Sodium nitrate 1963 – 47 0.45 – 0.05
Ammonium sulfate 45 – 13 0.29 – 0.08
Ammonium nitrate 60 – 10 0.23 – 0.09
Asparagine 433 – 61 0.20 – 0.06
Aspartic 217 – 76 0.28 – 0.08
Leucine 0 0.15 – 0.05
Cysteine 0 0.10 – 0.03
Arginine 0 0.18 – 0.04
Glycine 0 0.10 – 0.07
TABLE 2 – Effect of sodium nitrate addition in peptone iv medium on protease
production
Nitrogen Source Concentration % Protease Activity Growth (OD 679)
(w/v) (U/ml)
Peptone : NaNO3 1:0 9530 – 10 0.70 – 0.01
Peptone : NaNO3 1:0.5 8185 – 26 0.68 – 0.020
Peptone : NaNO3 1:1 7065 – 20 0.65 – 0.01
Peptone : NaNO3 0.5:0.5 6975 ± 10 0.65 ± 0.020duction for other Bacillus and other bacteria species (Jensen et al., 1980; Bascaran
et al., 1990; Johnvesy and Naik, 2001).
The used of amino acid as nitrogen source repressed and reduced both the pro-
tease production and growth of B. stearothermophilus F1. Very little growth and
protease production were observed when one of the following amino acids were
used as the sole nitrogen source; leucine, cysteine, arginine and glycine (Table 1).
Asparagine and aspartic acid gave only 2 to 4% protease activity compared to con-
trol (peptone iv). The addition of these amino acids to the peptone iv medium also
resulted in the suppression of protease production by this bacterium (data not
shown). The possible synergistic effect produced by combining both the best orga-
nic and inorganic nitrogen source was also examined. The result showed that the
protease production was reduced slightly and the inhibitory effect was concentra-
tion dependent (Table 1). The combination however did not significantly alter the
cell growth. Similar result was also observed in protease production by Pseudo-
monas aeruginosa but unlike B. stearothermophilus F1, it was followed by bio-
mass reduction (Whooley et al., 1983). In contrast, the presence of sodium nitrate
in protein medium stimulated the protease production by Chromobacterium sp.
and prevented the decrease in protease activity caused by the addition of glucose
(Tsuchiya and Kimura, 1984).
Effect of carbon source in peptone iv and sodium nitrate media on protease
production
The presence of additional carbon source in peptone iv medium, resulted in reduc-
tion in protease production by B. stearothermophilus F1 with the exception of raf-
finose (Fig. 2). The addition of these sources, however, slightly increased the
growth of the bacterium. B. stearothermophilus F1 exhibited growth OD reading in
the range of 0.68 to 0.82 when various carbon sources were added in peptone iv
medium. Addition of raffinose to the protein medium slightly increased (6%) the
protease production. Galactose as an additional carbon sources showed a slight
reduction (5%) in activity. Low level of activity was obtained with starch, sorbitol,
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FIG. 1 – Effect of different concentrations of peptone iv on protease production. Bars cor-
responded to standard deviation.trehalose, sucrose, and mannose. These carbon sources reduce more than 50% of
the protease production of B. stearothermophilus F1. The addition of maltose, glu-
cose and mannitol caused a reduction of 37, 43, and 44% of protease production,
respectively.
Figure 3 shows the effect of various carbon sources in sodium nitrate medium
on protease production by B. stearothermophilus F1. Growth of the bacterium in
the presence of these carbon sources showed no significant variation among them
exhibiting an OD reading of around 0.40. Of all the carbon sources tested, only
meliobiose and trehalose stimulated the protease production. However, the protea-
se yields obtained were only 50% of that in peptone iv medium. The other carbon
sources drastically reduced the production (glucose, sorbitol, glycerol, starch, malt-
ose, raffinose, galactose, ethanol) or completely inhibited it (sucrose, mannose).
Effect of calcium and other metals
Calcium was not required for protease formation but its addition in the peptone iv
medium enhanced the yield. Increasing the concentration of calcium to 4.5 mM
enhanced the production, but increasing further, decreased the enzyme production
(Fig. 4). Similar result was reported by Lactobacillus murimus whereby actively
growing cell, released a constant amount of protease into the medium, irrespective
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FIG. 2 – Effect of additional carbon sources on protease production in peptone iv medium.
Bars corresponded to standard deviation. *: Peptone iv medium without additio-
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FIG. 3 – Effect of carbon source on protease production in sodium nitrate medium. Bars
corresponded to standard deviation. *: Peptone iv medium without additional
carbon source.
FIG. 4 – Effect of calcium concentration on protease production in peptone medium. Bars
corresponded to standard deviation.of its calcium content (Strasser de Saad et al., 1988). However, the enzyme libera-
ted in the presence of calcium was more stable. In contrast, the protease production
of another strain of B. stearothermophilus NCIB 8924 and B. stearothermophilus
NRRL B-3880 (Sidler and Zuber, 1977) and B. megaterium (Chaloupka et al.,
1987) were reported to be calcium dependent. As for bacterial growth, no signifi-
cant change was observed when the concentration of calcium was varied (OD rea-
ding in the range of 0.65- 0.7).
Besides calcium, strontium was equally effective as an inducer for the enzyme
production (Fig. 5). Replacing the ions with Co2+, Cu2+ and Hg2+ completely inhi-
bited the growth. The presence of Zn2+ ion in the medium resulted in significant
reduction in both growth and production of the enzyme. Addition of Mn2+and Fe
2+did not affect the growth significantly but decreased the enzyme activity by
85.5% and 93% respectively.
DISCUSSION
Bacillus stearothermophilus F1 was isolated from decomposed oil palm branches.
The bacterium was able to grow at high temperatures up to 80 ￿C and within a
broad pH range of 5.0 to 11.0 (Razak et al., 1995). In liquid medium, the alkaline
protease was secreted after 12 h incubation at 60 ￿C, which corresponded to the
mid-exponential growth phase of the bacteria with a maximum production after 24
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FIG. 5 – Effect of metals on protease production in peptone iv medium. Bars correspon-
ded to standard deviation. Control denotes a culture without any metal ions.h. The production remains high till late stationary phase. A correlation between
sporulation and extracellular protease synthesis had been claimed for some time
(Doi, 1972). For B. stearothermophilus F1, the onset of protease production coin-
cided with the onset of sporulation which occurred after 12 h incubation suggesting
a possible correlation between sporulation and protease production in this bacte-
rium (Razak et al., 1995).
Earlier work had shown that the secretion of this protease was dependent on
the physiological factors (Rahman et al., 1998). Similarly, in this study the pro-
duction of the alkaline protease by B. stearothermophilus F1 was greatly influen-
ced by the composition of culture medium. Production and growth was very low
when the bacterium was grown in the presence of inorganic nitrogen sources
(ammonium sulfate and ammonium nitrate) and amino acids (Table 1). In contrast,
protease production was optimum in nitrogen source derived from soybean (pepto-
ne iv and soytone). Soybean meal was reported to contain both the nitrogen (8%)
and carbon sources (Rhodes and Fletcher, 1977). Higher yield obtained with soy-
bean might be attributed to the lack of nitrogen metabolite repression of the pro-
tease synthesis due to its slow degradation into repressive amino acid and ammonia
(Demain, 1982). Likewise, soybean and soybean product have been successfully
used as nitrogen sources for protease production of other bacteria (Kubo et al.,
1988; Takami et al., 1989; Fukushima et al., 1991; Joo et al., 2001). Corn steep
liquor and yeast extract have been reported to give maximum protease production
for Thermomonospora viridis (Upton and Fogarty, 1977) and other Bacillus spp.
(Klimov et al., 1988; Takami et al., 1989; Takii et al., 1990; Johnvesly et al., 2002).
In contrast, for B. stearothermophilus F1, corn steep liquor resulted in only 12%
enzyme yield as compared to soybean derived protein. Generally, corn steep liquor
contains 4% nitrogen, which can be hydrolyzed into a number of amino acids
(Rhodes and Fletcher, 1977). Therefore, the decrease in protease production
employing corn steep liquor was probably due to the presence of amino acid in the
media.
Inorganic nitrogen sources significantly affected the growth as well protease
production by B. stearothermophilus F1. Ammonium salts and amino acids inter-
fered with the protease production whenever they are added to the production
media. Extracellular protease production by bacilli was shown to be subjected to
repression by end products such as amino acids (Glenn, 1976). Amino acids were
reported to repress the synthesis of protease at the level of mRNA transcription
(Chaloupka et al., 1987). However, some amino acids were reported to stimulate
protease production of other bacteria (Jensen et al., 1980; Pansare et al., 1985).
Conflicting results on the effects of organic and inorganic sources on alkaline pro-
tease production by Bacillus sp have been reported. Production of alkaline protea-
se from thermophilic Bacillus licheniformis was higher with inorganic nitrogen
sources such as ammonium sulfate and ammonium nitrate (Sinha and Satyanara-
yana, 1991), while many other researcher reported that organic sources are better
for enzyme production by Bacillus spp. (Fujiwara and Yamamoto, 1987; Sen and
Satyanarayana, 1993; Gajju et al., 1996; Feng et al., 2001; Joo et al., 2001). For B.
stearothermophilus F1, organic nitrogen sources were found to be better suited for
its alkaline enzyme production.
Growth was increased when carbohydrates were present in the culture media,
but they had negative effects on protease production. Most carbon source added in
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ted from an economical point of view. Asimilar type of glucose repression found in
B. stearothermophilus F1 had been shown to be involved in the regulation of extra-
cellular protease in other Bacillus spp. (Freeze et al., 1979; Klimov et al., 1988)
and other bacteria (Whooley et al., 1983; Gusek et al., 1988).
Metals were not required for protease production by this bacterium; however
the presence of calcium and strontium enhanced the enzyme. Calcium at 4.5 mM
maximized the enzyme production by F1. It must be stated that calcium was not
determined in the calcium free medium. Contamination may occur from the other
salts added and the peptone, but this contribution would be in minute quantities.
For those bacteria requiring calcium for protease production, the formation and sta-
bilization of protease were reported to be dependent on the concentration of the
free calcium ions (Sidler and Zuber, 1977). The presence of phosphate buffer remo-
ved the free calcium ion from the medium, thus reducing the enzyme formation.
Therefore, for these bacteria, omission or reduction of phosphate as a buffer com-
ponent in the culture medium, resulted in a higher yield of protease (Sidler and
Zuber, 1977). For B. sterothermophilus F1, the presence of phosphate in the pro-
duction medium did not significantly influence the protease production (data not
shown). This further strengthened the fact that calcium was not needed for enzyme
formation of this bacterium.
The alkaline protease produced by B. stearothermophilus F1 had remarkable
characteristics that can be marketable as industrial enzymes (Rahman et al., 1994).
Among them, was its stability at 80 °C within the period tested (10 h) and a half-
life of about 4 h, 25 min and 8 min at 85, 90 and 95 °C, respectively (Rahman et
al., 1994). In addition, the thermostability of protease F1 was better than ther-
molysin and subtilisin (Salleh et al., 1997). The above studies showed that maxi-
mum protease production at lab-scale was obtainable using organic nitrogen sour-
ce. The scale up studies for enzyme production and genetic manipulation to impro-
ve enzyme production and properties are in progress.
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